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ABSTRACT 
 

Energy use will be one of the main drivers for the achievement of more eco-efficient 
drilling processes in the automotive industry. Industry awareness of the environmental 
impact of used cutting emulsions, and the negative effect on worker health, has increased 
sharply. This has led to innovative lubrication methods such as through-spindle minimal 
quantity lubrication (MQL) for drilling aluminium-silicon alloys. In this work the 
performance of MQL at different cutting speeds and feed rates has been investigated using 
infrared temperature measurements. The results indicate that MQL is a feasible eco-
efficient alternative to conventional flood cooling when drilling aluminium-silicon alloys. 
 

OPSOMMING 
 

Energiebenutting maak een van die hoofdryfvere uit om eko-doeltreffendheid te behaal in 
boorprosesse in die motornywerheid. Nywerheidsbewustheid van die omgewingsimpak van 
gebruikte sny-vloeistowwe, en die negatiewe effek daarvan op werkergesondheid, het skerp 
toegeneem. Hierdie bewustheid het aanleiding gegee tot die ontwikkeling van 
smeringsmetodes soos deur-spil minimale hoeveelheid smering (Engels: Minimal Quantity 
Lubrication, MQL) vir die boor van aluminium-silikon legerings. In hierdie werk word die 
prestasie van MQL ondersoek teen verskillende snyspoed- en voertempo-kondisies deur 
middel van infra-rooi temperatuurmeting. Die resultate dui daarop dat MQL ’n 
lewensvatbare eko-vriendelike alternatief tot konvensionele vloedverkoeling is, wanneer 
aluminium-silikon legerings geboor word. 
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1. INTRODUCTION: 
 
In the automotive industry, with design trends towards lower mass and higher energy 
efficiency engines, more stringent tolerances are required, which in turn challenge the 
machining operations. Increasingly the world will be assessing material removal rates with a 
primary focus on the machining power (kW) demanded [1]. In societies of the twentieth 
century and beyond, the strength of a country’s manufacturing sector is either directly 
correlated with the present status of social development, or has a long history of 
contribution to a secondary economy such as international financial services. The 
prominence of manufacturing is further increasing as innovation cycles become shorter. To 
develop comprehensive technologies that enable the creation of novel product features in 
terms of efficiency and added value, the complete value chain within the production has to 
be considered [2]. Advanced manufacturing technologies can contribute to higher efficiency 
along the whole value creation chain, and increase the eco-efficiency of the manufactured 
products. 
 
The manufacturing industry has always aimed for productivity increases and quality 
improvement in its operations. In order to achieve higher productivity, elevating cutting 
performance remains a key opportunity. The drivers of change in cutting technology are 
summarized in Figure 1. Byrne et al. [1] found that the key drivers include: reduction of 
component size, enhanced surface quality, tighter tolerances and manufacturing 
accuracies, minimising costs, reducing weight, and smaller batch sizes. These drivers 
towards change have a direct influence on the primary inputs of the cutting process of 
which the cooling and lubrication forms part. 

 
 

Figure 1: Primary aspects associated with advancing cutting technology [1] 
 
The individual industrial branches drive the specific demands for new innovations using the 
different engineering materials. In the automotive sectors in particular, the use of light-
weight energy-saving materials plays a vital role for structural components. Recent work on 
cutting edge engineering has shown that significant benefits can be obtained by very 
careful analysis of the precise mechanisms underlying material removal. One of the primary 
issues in high performance cutting is the material removal rate. Figure 2 illustrates the 
material removal rates for turning, milling, and drilling. 
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Figure 2: Material removal for a range of materials and cutting processes [1] 
 
The material removal rate that is the main target for an optimised high performance 
cutting process is calculated by the chip section and the cutting speed. The competitive 
nature of the machining industry creates a constant demand for higher productivity. 
Improving these cutting parameters results in higher thermal and mechanical demands at 
the tool-chip interface [3]. The cutting edge is exposed to high temperatures and high 
cutting forces. The tool’s outer corner in particular wears out quickly because of the high 
temperatures, since the possibility of effective cooling is extremely limited. By keeping the 
tool temperature low, its resistance to diffusion and abrasive wear is preserved. During 
drilling the lubricant plays an important role in the performance of the machining 
operations. This is due to the lubricant’s friction-reducing, cooling, and chip removal 
properties [3]. In the past, flood cooling from an external nozzle was always the accepted 
way to lubricate high speed machining of aluminium-alloys. It has, however, become 
evident that the use of an abundant amount of lubricant could lead to a significantly 
adverse impact on the immediate environment, and present risks to the health of workers 
[4]. It has been proven that extended exposure to cutting fluids and their vapours could 
lead to skin and respiratory diseases [5]. Costs related to cutting fluids are also high, 
exceeding those related to labour and overhead expenses [6-9]. For these reasons 
alternative cooling methods, such as dry machining and minimal quantity lubrication, have 
been investigated. In the past dry drilling of aluminium-silicon alloys, especially where the 
hole depth exceeds the diameter, was considered impossible [10]. This is mainly due to the 
high ductility of aluminium-silicon alloys. During drilling operations where no cooling or 
lubrication is used, the chips will adhere to the tool and result in catastrophic tool failure 
[5]. During the machining process, most of the power that is consumed is converted into 
heat. Figure 3a illustrates the energy flow during machining. The goal is to maximise the 
ratio of the net value added energy over the energy input.  
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